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ABSTRACT 
Guinea pig skin contains an inhibitor of dopa autoxidation. This material has been 
isolated from aqueous skin extracts by gel-filtration and electrophoresis, and its activity 
measured at each stage by incubation with 10-a M DOPA at 37°C. 
A series of reactions showed its chemical properties to be those of a protein . It was 
denatured by 8M urea, precipitated by 5% tri-chloroacetic acid and heat, acid-labile, but 
UV-stable. Its molecular weight, as measured by gel-filtration, was 6,000, but the mole-
cules polymerised on storage without loss of activity. Its activity did not depend on 
sulfhydryl groups. 
The inhibitor was present in both black and white skins, and all other tissue ex-
amined. 
The first report describing the ability of skin 
extracts to inhibit the autoxidation of DL-3, 
4-dihydroxyphenylalanine (dopa) appeared in 
1933 (1). 
.Since then many conflicting views have been 
expressed as to the nature and functions of 
the active material. Flesch (2) has described 
it in terms of a possible role in controlling skin 
pigmentation. 
Melanin, the principal skin pigment, is 
ynthesized in melanocytes in the basal cell 
layer of the epidermis, from tyrosine under the 
control of the enzyme tyrosinase (3). The first 
biochemical change in the tyrosine is its con-
version to dopa, a reac tion which occur ex-
t remely slowly in the absence of this enzyme 
(4). The further enzymatic oxidation and 
polymerization of dopa to melanin in the 
melanosomes of the melanocytes is probably 
analogous to the autoxidation of dopa to 
melanin in neutral aqueous solution. It is un-
derstandable, therefore, that workers interested 
in normal methods of controlling skin pigmen-
tation in vivo initially used dopa autoxidation 
as a means of studying the inhibitor, and 
postulated a role for this factor in controlling 
melanin biosynthesis by melanocytes in vivo. 
The purpose of this report is to describe the 
first part of a two-part study designed to 
discover the nature of the inhibitor of dopa 
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autoxidation and examme its mode of action 
and possible role in controlling skin pigmen-
tation. 
MATERIALS AND METHODS 
Anim,als. Guinea pigs were used exclusively as a 
source of the inhibitor. The animals, bred in the 
laboratory's animal unit, had large areas of black 
and white skin on their bodies. 
Extmction of inhibitor. After sacrificing the ani-
mals with carbon dioxide asphyxiation, the hair 
was clipped and the stubble removed with an 
epilating wax. The skin was removed as completely 
as po sible and the subcutaneous fat scraped away 
with a blunt calpel. The black and white areas 
were extracted separately. After chopping or coarse 
mincing, the skin was homogenized in a Silverson 
homogenizer with phosphate buffer (or water) at 
pH 7 .2, the Yessel being cooled in ice. One g of skin 
wa diluted with 2 ml of buffer. 
After a total homogenization time of ten min-
ute , the extract was centrifuged at 19,000 rpm for 
40 minutes at 4°C. The supernatant was used a a 
crude inhibitor preparation to study its chemical 
properties and as the starting material for the 
fractionations to be described. 
Dopa autoxidation inhibition . assay . DL-3 ,4-
dihydroxyphenylalanine (BDH. Poole, Dorset) wa 
di olved in Sorensen's phosphate buffer to 10-3M 
at pH 7.2. The ability of fractions and treated ex-
tracts to inhibit dopa autoxidation was measur d 
by diluting 1 ml test material with 3 ml dopa 
solution, and incubating the mixture at 37°C for 
18 hours without shaking. The amount of melanin 
formed was assessed in a P erkin Elmer 137 
spectro photometer at 410 m.u . 
153 
In order to compare the inhibitory activities of 
two different extracts it was necessary to devi e a 
uni t of activity. 
Duplicate doubling 1 ml dilutions of each ex-
tract were made in buffer. To one set of each 
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duplicate 3 ml w -aM dopa in buffer was added, 
and to the other set 3 ml buffer was added. All 
dilutions were incubated at 37°C for 18 hours. The 
degree of dopa autoxidation in each dilution was 
measured as the difference in optical density at 
410 mp. between corresponding dopa-treated and 
control mixtures. 
For each extract a graph was plotted relating 
dopa autoxidation levels to dilution of the extract. 
The inhibitory capacity of an extract was ex-
pressed in units per ml of extract where one unit 
corresponded to that amount of material which 
cau ed a 50% reduction in dopa autoxidation com-
pared to controls. (See Results section and Figure 
1.) 
Study of Chemical Properties of Inhibitor 
The crude extract was subjected to various tests 
to discover some of the chemical characteristics of 
the inhibitor. 
a) Urea denaturation. 1 ml of extract was treated 
with 1 ml 8M urea for 1 hour, and then tested for 
its abili ty to inhibit dopa autoxidation. 
b) T. C. A. precipitation. 1 ml of extract was 
treated with 1 ml 5% trichloroacetic acid. The pre-
pitate which formed was sedimented by centri-
fugation and resuspended in 1 ml water. The pH of 
both supernatant and re uspended precipitate was 
corrected to 7.2, and each was tested for inhibitory 
activity. 
c) Thermo lability. 1 ml portions of extract were 
maintained at 40°C, 60°C and lOODC for 1 hour. 
Where precipitation occurred, both precipitate 
and upernatant were tested for inhibitory activity. 
d) UV lability. Samples of extract, in open shal-
low di hes 5" from a 300 watt Hanovia Sun-lamp 
w re irradiated with UV light for 1 hour. 1 ml 
portions w re assayed for their inhibitory potential. 
e) Dialysis. 5 ml extracts were dialy.sed against 
2 lit rs of distilled water for 30 hours ·at 4°C. The 
?iffusate w~ concentrated to 5 ml by freeze dry-
mg and this and the dialysate were tested for 
their ability to inhibit dopa autoxidation. 
f) Role of suljydryl groups. 1 ml portions of 
xtt·act w re incubated first with 10-3M iodoacetate 
or iod.oac~tamide, and then ·with w -aM dopa. Dopa 
autoxidation after 18 hours was measured at 410 
m,u as bcfol'e. 
g) Role of copper. Samples of extract were 
incubated with cupric sulfate olutions at three 
concentration 0.016%, 0.5 % and 4.5%. Aliquots 
wer. r~n:oved hourly for 24 hours, and assayed 
for mh1b1tory activity. 
h) Acid and alkaline stabiliiy. Portion of in-
hibitor were incubated with O.OiN and O.IN HCl 
and O.OlN and OJN NaOH. After correction of the 
pH to 7.2 the amples \\"ere assayed for inhibitory 
a · ti ,.it:->. 
Gel Filtration of Extracts 
Variou Biou 1 w re used for the fractionation of 
tb xtract. Th se wer swollen and wa hed in 
ith r. wa r or buffer accordinu to the maker's in-
tructlOn and loaded into 25 X 0.75 em glass 
olumn . Routine! the column were charged with 
2 ml portions of extracts. The effluent from the 
columns was collected in 1 ml fractions after pass-
ing through a UV monitoring device for continu-
ously assaying the absorption of the effluent at 
280 m,u (Gilson Medical Electronics and LKB 
U vicord fraction collectors). 
Alternate fractions were incubated with 3 ml of 
dopa solution in the usual way and histograms 
prepared relating dopa autoxidation inhibition 
potential to the trace produced by the UV monitor-
ing device. 
I on Exchange Chromatography of 
Extracts and Inhibitor 
Whatman advanced ion exchange celluloses were 
obtained from B. D. H. in the dry, microgranular 
form. This type was chosen because of its reputed 
faster kinetics, higher capacity, better separations 
and reproducible results. 
Diethylaminoethyl cellulose (DE 32) and car-
boxymethyl cellulose (CM 32) were prepared ac-
cording to the maker's instructions ( Whatman 
laboratory manual IE 3), being finally equilibriated 
~ith 0.2M ammonium acetate pH 6.95, and packed 
mto columns measuring 25 X 0.75 em. 
Three starting solutions, 0.2M acetic acid pH 
2.74, 0.2M ammonium acetate pH 6.85, 0.2M 
ammonium hydroxide pH 11.17, were used to 
prepare buffers of varying pH for loading the 
columns and eluting the materials. 
The columns were washed through with buffer of 
the required pH until the pH of the effluent was 
the same as that entering the column. 
5 ml white skin extract, or 5 ml purified inhibtor 
was applied at the appropriate pH and eluted with 
a pH gradient. 
DEAE ?ellulose, an anion exchanger, was 
l?~ded at \I) pH 7 and eluted with a continuously 
nsmg grad1ent to pH 11 and (ii) pH 10 and eluted 
with a decreasing pH gradient to pH 4. 
CM cellulose (a cation exchanger) was loaded at 
pH 7 and 4 and eluted with pH gradients changing 
to pH 3 and 10 respectively. 
1 ml fractions were monitored at 280 m,u and 
collected by an automatic fraction collector. 
Each fraction was buffered back to pH 7.0 and 
incubated with 3 ml w-aM dopa at 37°C for 18 
hours. 
The degree of dopa autoxidation was measured 
spectrophotometrically at 410 m,u. 
After use all celluloses were regenerated accord-
ing to the manual IE 3. 
Later DEAE cellulose was loaded with sample 
at pH 8.5 and the material eluted with a salt 
gradient of 02M ammonium acetate pH 8.5 rising 
to 0.5M ammonium acetate pH 8.5. Each fraction 
was corrected to pH 7.0 and incubated with dopa 
as before. 
RESULTS 
Comparison of Skins from Several Sources 
If the natural dopa autoxidation inhibitor 
had been directly relevant to the control of 
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skin pigmentation in vivo, it might have been 
possible to detect differences between the 
amounts of inhibitor extracted from black 
and white skin. Extracts of black and white 
areas of the same animal were compared by 
the doubling dilution technique already de-
scribed. Figure 1 is a graphical presentation of 
the results of this procedure. It can be seen 
that in the case of the white skin, strong 
inhibition of dopa autoxidation was observed 
at dilutions of Y2, ~' and lh (i.e. tubes con-
taining 0.5, 0.25 and 0.125 ml of extract). At 
higher dilutions the power of the extract to 
inhibit dopa autoxidation reduces until at very 
high dilution (1/128) it is imperceptible. The 
number of units of inhibitory power of each 
extract per m1 has already been defined as the 
reciprocal of the quantity of extract which gave 
an optical density measurement halfway be-
tween those for the control and the first 
dilution, in this case, approximately 5/ 128 ml 
or 25 units per ml. 
The behaviour of black extracts can be seen 
to be variable. In one case, an extract of black 
skin failed to result in any inhibition of dopa 
autoxidation. This result tended to confirm the 
view that a major difference between pigmented 
and non-pigmented skin may have been dis-
covered. However, when repeated, the black 
skin extract behaved in a manner similar to 
white skin yielding dopa autoxidation inhibition 
potential of approximately 21 units per ml. 
This variability of response of black skin 
extracts, prepared identically, has been a con-
tinuing feature of this investigation; the reason 
for it has not yet been resolved, and will re-
quire considerable further elucidation. 
Albino skin has also been extracted and 
yielded a potential under similar circumstances 
of 32 units per ml. 
Chemical Properties of the Inhibitor 
Extracts of both black and white skin were 
used in this investigation, and in all cases the 
results (Table I) were similar. 
After treatment with 8M urea the inhibitor 
had lost all its inhibitory activity, probably due 
to denaturation of the molecule. 
5% trichloro-acetic acid caused precipitation 
of the inhibitory material. No remaining activ-
ity was detected in the supernatant. 
Heat treatment at any temperature failed 
to reduce the inhibitory power of the skin 
extracts. Above 60oC the active material was 
precipitated from the crude extract, but still 
retained its activity. 
These observations, together with the absorb-
ance at 280 mp, and a positive Biuret reaction, 
led to the conclusion that the inhibitor is a 
protein. 
It was found to be UV stable in vitro and 
non-dialyzable. No loss of activity was shown 
by the dialysate, and no gain in activity was 
apparent in the diffusate. 
Treatment with iodoacetate or iodoacetamide 
. ' 
wh1Ch block free sulfhydryl groups, resulted in 
no loss of ability to inhibit dopa autoxidation. 
It was, assumed, therefore, that sulfydryl groups 
TABLE I 
Chemical properties of the inhibi tor 
% Inhibition of 
dopa autoxidation 
White Black 
Skin Skin 
extract extract 
Untreated 100 100 
5% T .C.A. precipitate 79 64 
5% T.C.A . s upernat an t 2 11 
8M urea 6 31 
40°C for 1 hour 95 91 
60°C for 1 hour 91 87 
100°C for 1 hour 97 87 
Precipitate from 100° treatment 67 40 
Supernatant from 100°C treat- 90 80 
ment 
UV irradiation for 1 hour 100 95 
Extract after 30 hours dialysis 100 
Diffusate " " " " 0 
+ I0-3M iodoacetate 100 84 
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do not play an important role in activity of 
the inhibitor. 
Copper has been claimed to reverse the role 
of the inhibitor of dopa autoxidation from 
mushrooms to one of tyrosinase action (6). In 
this investigation the assay system was too 
sensitive to copper concentration to be of use 
in detecting a change in activity of the 
inhibitor. 
Fractionation of the Inhibitor 
Initial fractionations on Biogel P 100 caused 
very long delays in the elution of active ma-
terial, indicating a low molecular weight ma-
terial. 
Fractionation on Biogel P 10 caused earlier 
elution of the active material. Biogel P 10 
eluted with phosphate buffer or water resulted 
in the emergence of three peaks with absorb-
ance at 2 0 mt-t, the first emerging with blue 
dextran (in the column void volume). This is 
hown in Figure 2. 
This peak showed no dopa autoxidation in-
hibitory activity when the fractions were tested 
individually. The econd peak emerged shortly 
after, in approximately 3 x the void volume of 
the column and thi peak exhibited inhibitory 
activity equival nt to the quantity of extract ap-
plied to the column. The third peak emerging 
from th column con ·i ted of a mixture of small 
molecular weiaht material , without activity . 
From the position of the peak relative to the 
void volume of the column and considerina the 
exclu ion characteristics of Biogel P 10, it wa 
concluded that the active inhibitor had a small 
molecular w ight considering its protein nature. 
Calibration of the column with standard 
mat rial of known molecular weight bowed 
0 - Pro te111 concentra tiOn 
--- Dopa au tox1dauon 
~ 25 --------------------~ ,, 
I ~ I 
N 
z 
~ 50 
<Jl 
~ 
<Jl 
z 
< 
a: 
.... 75 
<fl. 
15 30 45 60 
1 ml FRACTION NUMBER 
FIG. 2 
10 z 
0 
;= " <t E 
~0 
0 .75 ~; 
;;; 
a: 
wa 
>-w 
050 4 ~ 
z<n Q~ 
~~ 
0 25 ~ ;t 
00 
u.o 
zr 
Zt: 
0 ~!: 
w 
~ 
::1. 
E 
0 
co 
N 
z 
0 
U'i 
(/) 
~ 
(/) 
z 
<! 
a: 
r-
?fl. 
WHOLE SKIN EXTRACT 
0 
25 
50 
75 
O PURE INHIBITOR 
25 
50 
75 ------------
~' 
... 
0.4 
0.3 
0.2 8:i 
u_ 
u_ 
::::> 
aJ 
z 
0 
;::: 
::::> 
-' 
w 
u_ 
0 
>-
!::: 
a: 
-------- 0 5 :5 
..,.......,.,"' . 0 
~/ 0.4 ~ 
0.3 
0.2 
1ooor==========~~~====~====~2oo 50 100 150 
1 ml FRACTION NUMBER 
-Protein concentration 
- ---Molarity of elution buffer 
FIG. 3 
that the inhibitor had approximately the same 
molecular weight as zinc insulin, namely 5,600. 
Aging of an extract, however, yielded two 
peaks of activity, one at about 6,000 molecular 
weight, and the other emerging with the void 
volume of the column. Aging further showed 
only the latter peak. It was, therefore, con-
cluded that polymerization of the active factor 
could occur on standing. 
Electrophoresis of active extracts on several 
upporting media gave evidence of a complex 
pattern of protein materials. The complexity 
of the pattern was reduced when a sample of 
active material eluted as the second peak on 
Biogel P 10 wa applied to the support. In 
fact, only one band of material staining as 
protein in any support was found when this 
rna terial was analyzed electrophoretically. 
Fractionation of a whole skin extract on 
cellulose ion exchangers of both anionic and 
cationic types showed that the inhibitor was 
uncharged at pH 7.0 and was not withheld on 
either cellula e. Figure 3 shows that at pH 8.5 
a large amount of material was retained by 
the column, and was eluted only be a rising 
salt concentration. However, no inhibitory 
activity could be detected even after the pH 
had been corrected to 7. The gradient used to 
elute the material also caused its inactivation. 
This problem was overcome by repeating the 
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chromatography using an inhibitor preparation 
which had been purified by gel filtration, in-
stead of whole skin extract. This yielded a 
single peak from DEAE cellulose which failed 
to inhibit dopa autoxidation, but which had 
to represent the inhibitor since only that had 
been applied to the column. The elution posi-
tion of this peak corresponded to one of those 
from the separation of whole skin e:A'iract and 
allowed the latter to be identified as the 
inhibitor. 
DISCUSSION 
The results reported in this paper are con-
cerned with the elucidation of some of the 
chemical properties of the natural inhibitor of 
dopa autoxidation extractable from guinea pig 
skin. Guinea pigs were chosen because of their 
large areas of black and white skin. 
Many studies of dopa autoxidation inhibitors 
obtained from a wide variety of sources have 
been reported, but there are few references to 
the guinea pig. 
The diverse nature of inhibitors of dopa 
autoxidation reported to date has prompted 
this re-investigation. Some properties previ-
ously ascribed to the inhibitor are summarized 
in Table II. 
The properties which have been reported 
may be divided into two main groups. Ginsberg 
(7), Fle ch (2), Rothman (8, 9) and atoh 
(15) have reported the inhibitor as being a 
heat- table, dialyzable, non-protein, ulfhydryl 
compound. Sieji (17) has gone a far as 
identifying the material as glutathione. 
In contrast Quevedo (10), Mander (11). 
Hir ch (12, 18), Riley (13) and Cooper (14) 
have found the inhibitor to be a non-dialyzable, 
non-sulfhydryl compound-probably proteina-
ceous. 
The inhibitor from guinea pig skin described 
by Ginsberg (7) was restricted to the epidermis; 
most workers have used whole skin, and have 
not tried to locate the inhibition further. 
Flesch and Rothman (8) postulated that 
sun-tanning was due to the UV inactivation of 
the inhibitor, which then allowed the melanin 
synthesis to proceed. They have measured a 
decrease in sulfhydryl groups which correspond 
to inactivation of the inhibitor by UV irradia-
tion. 
In our experience the inhibitor was not UV-
labile but since guinea pigs are not known to 
display sun-tanning effects, this finding was 
acceptable. 
A more commonly used source of inhibitor 
is mouse melanoma. The presence of an inhibitor 
in this tissue would appear to eliminate its 
TABLE II 
Source of material 
Normal mammalian skin 
Normal mammalian skin 
Normal mammalian skin 
Normal mammalian skin 
Human blood plasma 
Normal 1 iver 
Liver tumour tissue 
Mouse melanoma 
Mouse melanoma 
Mouse melanoma 
Mouse melanoma 
Normal guinea pig skin 
Properties asc1·ibed to lhe inhibitor 
ature ot material 
Water-soluble, heat-stable, dialyzable 
Heat-stable, dialyzable, non-protein, 
dryl compound 
Reference 
Ginsberg (7) Flesch & 
Rothman (8) 
snlfhy- Flesch (2) 
Water-extractable, V -labile sulfhydryl com- Rothman (9) 
pound 
Two fractions (heat-labile, sulfhydryl) (heat- Quevedo (10) 
stable , non-sulfhydryl ) 
Non-dialyzable, protein 
Heat-labile, non-dialyzable 
Two fractions (beat-labile , dialyzable) 
stable, non-dialyzable) 
Monder (11) 
Hirsch (12) 
(heat- Hirsch (12) 
Heat-labile, non-dialyzable Riley (13) 
Heat-labile Cooper (14) 
Heat-stable, dialyzable, not solvent extracta- Satoh (15) 
ble 
Heat-stable Chian & Wilgram (1G) 
Water-soluble, heat-stable, UV -stable, non- Flawn & Wilde 
dialyzable, non-sulfhydryl, protein 
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pos ible role in the control of the level of 
pigmentation, since the melanoma can be 
under no uch control. 
It would seem apparent from these reports 
that more than one type of material which will 
inhibit dopa autoxidation is extractable from 
various animal tissues. 
Without contradicting any previous findings 
w conclude that the material described in this 
r port i distributed throughout all those tis-
ues of the guinea pig so far examined. It is 
heat- tab! UV- table and acid labile, and 
' posses s the propert ies of a protein with a 
molecular weight of about 6000. This molecule 
is capable of polymerizing on tanding without 
lcs of activity. ulfhydryl groups are not 
· ent ia! for activity. 
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